Demographic characteristics associated with human Toxocara canis infection in children aged one to 11 years were investigated using data from the Health and Nutrition Examination Survey of 1971 to 1973. An enzyme-linked immunosorbent assay with larval stage antigen was used to measure the concentration of antibodies to T. canis in 1,409 available sera. From 4.6 to 7.3% of the children in different geographic regions of the United States have been infected, with serologic prevalence approaching 30% among black children of lower socioeconomic status aged six to 11 years. For both blacks and whites, higher seroprevalence was associated with a rural residence, increased age in children and number of persons in the household, and with decreased Income, education, and number of rooms in the house. Muffivariate logistic regression models indicated that blacks had higher infection rates than whites, even when socioeconomic factors were controlled. Certain critical variables, however, such as exposure to dogs or reliable pica histories, were not available for analysis.
cases of human toxocariasis have been reported from 50 countries worldwide (3) .
There is scarce information on the incidence or prevalence of visceral and ocular larva migrans. Neither eggs nor worms are passed in the feces of infected humans and only recently have reliable serologic tests become available.
The purpose of the present study was to further analyze Health and Nutrition Examination Survey (HANES) data for children one to 11 years of age in order to determine the serologic prevalence of zoonotic T. canis infection and to identify demographic characteristics associated with human infection. This information is potentially useful for developing diagnostic algorithms and in planning zoonoses prevention programs.
MATERIALS AND METHODS

Subjects
The HANES included a general medical examination of over 23,000 persons, one to 74 years of age in 35 geographic areas of the United States from 1971-1973 (4) . The HANES design was a multistage, stratified probability sample of loose clusters of persons and was weighted toward lower income groups, the elderly, preschool children, and women of childbearing age. Available for this study were the remaining 1,409 of the original 4,952 frozen sera from children aged one to 11 years and information from the HANES questionnaires.
Serology
An enzyme-linked immunosorbent assay with larval stage antigen was used to measure the concentration of antibodies to T. canis (5) . This test is 78 to 90 per cent sensitive and greater than 90 per cent specific for clinical toxocariasis (5, 6) . Titers were expressed as reciprocal log base two dilutions; a diagnostic titer for toxocariasis in humans is 5 or greater.
Statistical techniques
The titer data were categorized into three groups: reciprocal log base two titer values of 0 (0 titer group), 1 to 4 (1-4 titer group), and 5 or greater (5+ titer group). Demographic variables were examined using cross-classifications with the categorized titer variable. Significance of the associations was tested using a chi square test (7) (8) (9) .
Standardized infection rates (7, 10) were calculated for each region separately, adjusting for race, income, and age group. The entire study subpopulation was used as the standard population.
Logistic regression models (11-13) were used to examine multivariate associations and to control for possible confounding comparing subjects in the 5+ titer group and subjects in the 0 titer group. A corrected statistic, R, which measures the predictive ability of the model was also calculated (13) .
Stepwise procedures were used to delete and add variables to the models (13, 14) . The p values presented for the results are nominal values and do not reflect the effects of multiple testing. Table 1 presents a comparison of the entire HANES population of subjects aged one to 11 years to the subpopulation of subjects aged one to 11 years with serum samples available for this study. Slight differences (0.025 < p < 0.05) between the distribution of the HANES population and the distribution of the study subpopulation were found between regions. Blacks and subjects aged one to five years were underrepresented in the study group compared with the HANES population (p < 0.0001).
RESULTS
Because of the small number of subjects in the "Other" category of race (table 1), the analyses which follow are confined to black and white subjects only. Table 2 presents the distribution of study subjects within the four geographic regions by age, race, sex, and income. Significant differences (p < 0.001) among the regions are seen for the racial and income distributions. Whites are fairly evenly distributed A detailed examination of the antibody prevalence rates of the three titer groups in terms of region of residence, race, income and age group showed that the proportion in the highest titer category (5+) decreased as family income increased for both blacks and whites. Blacks had higher titers than whites within each age group and for each income category and region.
The differences in titer levels between white and black subjects controlling for demographic variables (one at a time) are displayed in figure 1 . The proportion of subjects in each category in the 5+ titer group for blacks (triangles) and whites (circles) is shown separately. Titer levels for blacks were uniformly higher than titer levels for whites. Cross-classifications of the demographic variables and the titer categories yielded statistically significant differences (p < 0.01) for each variable except age and sex among whites. Among blacks, the p values were higher because of the smaller sample size; except for age and sex, all p values were less than 0.02.-Overall, high titers were associated with demographic characteristics linked with low socioeconomic status, such as lower income, lower education level for the head of household, residence in a rural area or urban place outside of an urbanized area rather than in an urbanized area, and more people in the residence.
Prevalence rates for the four regions are provided in table 3. Because of the significant differences among the four regions on factors associated with T. canis infection, standardized morbidity ratios and adjusted prevalence rates were calculated. The results in table 3 indicate that adjusting for race, income, and age group accounts for much of the observed regional differences in the unadjusted rates.
Several logistic regression models were investigated to predict the occurrence of high titers using demographic variables in a stepwise multivariate approach (table 4) . The independent demographic variables included were: income category, sex, race, age group (one to five or six to 11 years), region, size of place of residence (rural, urban place of 2,500 to 25,000 or more outside an urbanized area, or urbanized area), the number of persons in the household, and the number of rooms in the residence. The reference group consisted of subjects with the following characteristics: annual family income exceeding $10,000; male; white (for blacks and whites combined); six to 11 A significant, positive or negative beta coefficient indicates that departures from the reference group are associated with an increase or decrease in titer, respectively. The same factors, rural residence, more people in the household, and lower family income, were associated with an increased probability of a high titer in all of the models. In addition, when blacks and whites were considered together, an effect for race was seen, indicating an increased probability of being in the high titer group for blacks compared with whites.
DISCUSSION
The finding that 4.6 to 7.3 per cent of children aged one to 11 years in different geographic regions of the United States have been infected with T. canis compares with previously reported seroprevalence rates in children of 7.1 per cent in the Netherlands (15) and 3.6 per cent in Japan (16) . With regard to enzyme-linked immunosorbent assay serology for T. canis, it has been noted that antibodies can persist for many years following initial infection and long after clinical manifestations have disappeared (1).
Demographic factors clearly influence the likelihood of infection. Univariate analysis showed that for both blacks and whites higher seroprevalence was associated with a rural residence, increased age in children and number of persons in the household, and with decreased income, education, and number of rooms in the household. These demographic factors probably reflect socioeconomic status, poor hygiene practices, and the likelihood of exposure to dogs in the home.
The significance of a rural residence can be attributed to an increased likelihood of dog ownership (A. Beck, unpublished data) or to the presence of an environment that favors persistence of helminth parasite eggs (i.e., soil or grass versus concrete). The probability of dog ownership has also been shown to be positively related to increased numbers of household members and with the presence of children in the household (17) .
Even when regression models included socioeconomic variables, blacks had higher infection rates than whites. This relationship is similar to that reported for the prevalence of elevated lead levels in blacks in the second HANES (18) . There is no apparent explanation for observed racial differences in blood lead levels or T. canis infection rates. However, both conditions have been associated with pica (19), a variable not reliably obtained from the HANES.
None of the health variables previously shown to be associated with Toxocara species were found to be significant among whites in our study and only a recent history of intestinal worms was significant for blacks. It is possible that one or more important predictive variables have been omitted from the logistic regression models, in part because of the methodological problems related to the use of the H ANES data.
Questions in the HANES were in the nature of a broad survey and not asked with specific research goals or hypotheses in mind. They were considered as inadequately phrased or too general for identifying health consequences of T. canis infection or for evaluating suspected risk factors such as specific types of pica. In addition, certain critical variables had been completely omitted, namely exposure to dogs in the household.
The 1,409 serum specimens were not obtained by random selection, and samples from more whites and children six to 11 years of age were included when compared with the total HANES population. These absolute differences were relatively small, but reached statistical significance due to the large sample size. There was no apparent systematic bias in the selection process that would have produced invalid estimates of seroprevalence in the United States. However, because the entire HANES population was not available for serologic testing, individual weighting factors provided with the HANES data were not used to extrapolate infection rates to the United States population or to estimate the exact number of children with infection.
While human infection with T. canis is widespread, reported cases of visceral and ocular larva migrans are sporadic. Therefore, it can be assumed that most infections are asymptomatic and that the pathogenicity of T. canis for humans is low. A question remains, however, whether subclinical infection is of any medical consequence. Bass et al. (20) recently described a variant of T. canis infection, which they termed clinically inapparent infection with eosinophilia. They expressed concern about the possibility of subsequent random migration of larvae to the eye or brain of children with this condition.
Worley et al. (21) found a serologic prevalence of T. canis infection of 23 per cent among 333 kindergarten children aged five to seven years in North Carolina. They reported an association between T. canis infection rates, black race and lower education of parents, but they could not demonstrate any adverse effects on the health, behavior or cognition of infected children.
Lastly, it should be emphasized that serologic prevalence is not synonymous with infection rate. The exact relationship between the two depends on the sensitivity and specificity of the serologic method used to quantify the antibody response (22) .
The findings of this study confirm that human infection with T. canis is widespread. Human toxocariasis is an important emerging zoonotic disease and further studies are needed to characterize subtle health effects in children, to enhance awareness of its existence among health professionals, and hence to strengthen preventive and control measures in children and pets.
